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Introduction
Acupoint sensitization is defined as the size or function of acupoints transforming from the stable state to the dynamic state under pathological conditions (Li et al., 2013) . For example, in the patients with hyperplasia of the mammary glands, the temperature of several acupoints maintained a high level in comparison to that in healthy people (Kwon et al., 2007) . Researchers have also observed a "heat-sensitization" phenomenon in a large proportion of patients receiving suspended moxibustion treatment (Li et al., 2015) . Therefore, the phenomenon of acupoint sensitization in patients under pathological conditions is common.
Acupoints have been determined to be surrounded by a high density of nerve endings, such as Aand C-type neurons, which can perceive nociception (Li et al., 2004; Wick et al., 2007; Zhu et al., 2004) . Nociceptive neuropeptides including SP, CGRP and 5-HT are highly expressed in acupoints (He et al., 2017) . These substances may provide a material basis for the sensitization of acupoints.
The thresholds of dorsal root ganglion (DRG) C-type neurons induced by electrical stimulation of the Xiqian acupoint, Zusanli acupoint or Shangluxu acupoint were much lower than those of acupoints without extravasated Evan's Blue and non-acupoints in rats with acute colorectal mucosal injury . These results indicate that acupoint sensitization might be associated with hyperexcitability of DRG neurons . More importantly, the dermatome map indicates that the GB37 and ST35 acupoints are innervated by L5 DRG neurons (Dong et al., 2015; Keegan and Garrett, 1948; Tu et al., 2007) . However, the mechanisms underlying the acupoint sensitization in DRG are largely unknown.
Previous studies have suggested that the increased excitability of DRG neurons is associated with hyperpolarization-activated cyclic nucleotide-gated (HCN) channel carried current (I h ) (Wang et al., 2016; Zhang et al., 2015) . I h is a mixed cation current and is associated with repetitive neuronal electrical activity (Biel et al., 2009; Pape, 1996) . I h exists in all kinds of DRG neurons and plays an important role in increasing excitability by limiting membrane hyperpolarization and facilitating depolarization in the injured and inflammatory states of peripheral nerves (Weng et al., 2012; Zhang et al., 2015) . HCN channels depolarize the potential of the membrane to the ACCEPTED MANUSCRIPT
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5 threshold of the action potential (AP) (Biel et al., 2009) . HCN channels are composed of four subunits (HCN1-4) as homo-or heterotetramers. An important role of HCN2 is reported in inflammatory pain (Schnorr et al., 2014; Weng et al., 2012) . Here, we investigated the changes of I h density and HCN2 level in L5 DRG as acupoint was sensitized, and discovered that excitability and I h density in C-type DRG neurons increased obviously as ST35 acupoint was sensitized. We hypothesized that hyperexcitability of C-type DRG neurons and upregulation of I h /HCN2 channels might play an important role in the formation of acupoint sensitization.
Experimental Procedures

Animal model
The protocol was approved by the Committee on the Ethics of Animal Experiments of the Fourth
Military Medical University. Adult male Sprague-Dawley rats (National Institutes for Food and Drug Control, Beijing, China; 180-220 g, n=72) were used. Rats were housed on a 12-h light/12-h dark cycle with food and water available ad libitum. Animals were randomly divided into knee osteoarthritis (KOA) and sham groups. The KOA model was prepared according to the previous method in our laboratory (Ma et al., 2018) . In brief, monosodium iodoacetate (MIA, 1 mg, dissolved in 50 μL, Sigma, USA) was injected into the articular cavity of the left knee under isoflurane anesthesia. The same volume of saline was injected in the sham group.
Pain behavior test
Bilateral acupoints (ST35 and GB37) and nonacupoints (at a horizontal distance from the ST35 acupoint of 5 mm, Fig 1A) were selected in bilateral legs. Rats were allowed to habituate to the circumstance of the behavior room for at least 30 min before testing. Mechanical stimuli, produced by an electric von Frey unit (IITC, USA), were applied to assess bilateral paw withdrawal thresholds (PWTs). According to the evaluation criteria of the mechanical thresholds, flicking or withdrawal of the leg was treated as a positive response . The stimulus was not be stopped until a positive response was observed. Three separate numerical readings were averaged as the PWT of the acupoint. The cut-off threshold was assigned at 120 g to prevent tissue injury. ZD7288 hydrate (Sigma, USA) was administered according to the weights of the rats (10 mg/kg, i.p.), and the same volume of saline was injected as a comparison.
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Retrograde labeling
Four days after MIA or saline injection, all rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.). DiI (1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine perchlorate, 2.5 mg /ml, 5 μL, Sigma-Aldrich, USA) and FG (fluorogold, 2%, 2 μL, Biotium, USA) were injected into the ST35 and GB37 acupoints, respectively ( Fig 1A) .
Electrophysiological recordings
Rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) at 14-17 days postoperation.
The bilateral L5 DRGs and sciatic nerves connected to the DRG were exposed (>2 cm). Intact L5
DRGs and attached nerves were removed from the vertebral column and placed into artificial cerebrospinal fluid (ACSF, in mM: NaCl 124, KCl 2.5, NaH 2 PO 4 1.2, MgCl 2 1.0, CaCl 2 2, NaHCO 3 25, and Glucose 10). The spinal dura and connective tissues of the DRG were cleared.
Then, intact ganglions were digested in the digestive solution (2 mg/mL trypsin and2 mg/mL type-A collagenase) for 45 min at 37℃. Ganglions were transferred into ACSF and incubated with mixed gas (95% O 2 and 5% CO 2 ) for 1 hour before recording. During the recording, the end of the nerve branch was sucked by a stimulating electrode (2 Hz, 50 ms). The conduction velocity (CV)
of the recorded DRG neuron was measured as the distance between the stimulating electrode and the recording electrode divided by the time between the stimulus artifact and the action potential (AP).
DRG neurons were visualized and distinguished under a microscope (BX51WI; Olympus, Tokyo, Japan). Whole-cell clamp patch recording was carried out using a Multiclamp700B amplifer (Molecular Devices, USA). Patch pipettes (3-5 MΩ) were pulled on a micropipette puller (P-97, Sutter Instrument, USA). The internal solution contained (in mM) K-gluconate 120, KCl 18, CaCl 2 1, MgCl 2 2, EGTA 5, HEPES 10, Na 2 -ATP 3, and Na 3 -GTP 2. The osmolarity was adjusted to 280-290 mOsm (pH=7.4). DRG neurons with a resting membrane potential (RMP) more negative than −50 mV and that exhibited an overshooting AP were selected for the next study.
Signals were digitized at 10 kHz by a 1550s A/D board (Molecular Devices, USA). Data were discarded if the access resistance (Ra) or membrane potential changed by 20% during recording. The V 1/2 of I h was estimated by fitting the tail currents using the Boltzeman equation:
With V 1/2 : semi-active potential and k: slope factor (Gao et al., 2016) . Passive characteristics such as the resting membrane potential (RMP), membrane capacitance (C m ), membrane resistance (R m ) and R a were analyzed. Positive characteristics including rheobase, AP threshold potential, AP amplitude, AP half-width duration, maximum depolarization slope (V max ), and after hyperpolarization (AHP) amplitude were also analyzed. A positive current (0 to 1000 pA, 10 pA stepped, 5 ms) was injected into the recording DRG neuron. The first AP was selected to evaluate the positive characteristics. The AP amplitude was regarded as the voltage difference between the RMP and the peak point. The AP half-width was defined as the duration of the AP after at 50%
repolarization. The maximum depolarization slope was the value of the peak point of the differential curve of the AP. The AHP amplitude was the voltage difference between the lowest point of hyperpolarization and the RMP. The rheobase was the minimum current intensity that could induce the first AP. The AP threshold potential was the membrane potential that corresponding to the one third of V max .
Western blot
DRGs were collected and transferred to the ice-cold lysis buffer (in mM: Tris-HCl 50, NaCl 150, EDTA 5, Triton X-100 1%, sodium deoxycholate 0.5%, sodium dodecyl sulfate 0.1%, and standard protease inhibitors, pH=7.4). The supernatants were collected for analysis (12,000 r/m, 15 min). The protein concentration of each sample was detected by the bicinchoninic acid ( (1:5000; Abcam, Cambridge, USA) for 2 h at room temperature.
To normalize the loaded samples, the anti-β-tubulin antibody (1:1000, Abcam) and an appropriate horseradish peroxidase-conjugated secondary antibody (1:5000, Abcam) were used as the loading control. For visualization, the membranes were incubated with enhanced chemiluminescence reagents (Millipore, Bedford, MA, USA). Images were acquired with the CHEMIL-MAGER chemiluminescence imaging system. In addition, bands were analyzed using ImageJ software. The density of each band of interest was normalized to the density of the corresponding β-tubulin band.
Immunofluorescence labeling
Rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) at the later phase of KOA (14-17 d) and perfused with saline and 4% paraformaldehyde. Bilateral L5 DRGs were harvested and postfixed in 4% paraformaldehyde for 4 h and dehydrated in 30% sucrose at 4 ˚C. Transverse DRG sections (10 μm) were cut on a freezing microtome (CM1900, Leica), and incubated in a solution containing1% bovine serum albumin for 3 hours at room temperature. Then, sections were incubated with primary antibodies (anti-HCN2 (1:300; Almone, Israel), anti-peripherin
(1:300; Sigma-Aldrich, USA) and anti-NF-H (1:1000, Gene tex, USA)) in the immunofluorescent antibody dilution buffer (Beyotime, China) for 8 hours at 4 ˚C. Sections were incubated with Alexa Fluor 488 and Alexa Fluor 594 secondary antibodies (Molecular Probes, 1:500) for 2 h at room temperature. Sections of sham and KOA rats were dyed at the same time, and photos were taken under the same parameters. According to their specific marker, the boundary of these neurons were delineated and the mean fluorescence intensity of these delineated areas were analyzed by Image J software as described before (Wang et al., 2016) .
Statistical analysis
Data are presented as the mean±SD. The main effect between sham and KOA groups was compared via ANOVA for repeated measurements followed by Bonferroni correction. Repeated ANOVA was applied for the PWTs of the acupoints, the effect of ZD7288 on the PWTs of ACCEPTED MANUSCRIPT 
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Results
Bilateral ST35 acupoints but not GB37 acupoints were sensitized in KOA rats
To investigate whether acupoint sensitization occurred in the later phase of KOA rats, PWTs of two bilateral acupoints (ST35 and GB37) and nonacupoints were determined ( Fig 1A) . Bilateral
PWTs of ST35 acupoints significantly decreased from 7 days after MIA injection (P<0.05, repeated ANOVA, Fig. 2A and 2B). However, no significant changes in the PWTs were found in bilateral GB37 acupoints or nonacupoints after MIA injection (P> 0.05, repeated ANOVA, Fig. 2C , 2D, 2E and 2F), indicating that ST35 acupoints but not GB37 acupoints were sensitized in the later phase of KOA rats.
C-but not A δ -type DRG neurons were involved in ST35 acupoint sensitization
To investigate which type of neurons in the DRG innervate the ST35 acupoint and GB37 acupoint, cells of bilateral L5 DRG were labeled by injecting DiI at ST35 acupoints or FG at GB37 acupoints ( Fig. 1B and 1C ; Table 1 and 2), and labeled neurons were classified into C-type (<2 m/s) and A δ -type (2-12 m/s) neurons based on their CVs (Wang et al., 2016) .Their positive and passive characteristics were measured by whole-cell clamp patch recording.
For the passive characteristics, the results showed that the CV of bilateral C-type neurons innervating ST35 acupoints in KOA rats was much faster than that in the sham group (Table 1 and 2; P<0.05, one-way ANOVA). Furthermore, a decreased rheobase was found only in contralateral but not ipsilateral C-type neurons innervating ST35 acupoints in KOA rats ( 
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A C C E P T E D M A N U S C R I P T 10 one-way ANOVA). More importantly, we noticed that the AHP amplitude of bilateral C-but not A δ -type neurons was much lower in the later phase of KOA rats than that in sham rats (Table 1 and 2; P<0.05 and P<0.001, one-way ANOVA). Considering that the AHP is mainly influenced by HCN currents (Jiang et al., 2008) , we speculated that HCN currents (I h ) were the basis for acupoint sensitization. As expected, both the passive and positive parameters of DRG neurons innervating the GB37 acupoint had no obvious difference between the KOA and sham groups (P>0.05, one-way ANOVA; data not shown).
The increased HCN currents (I h ) density in C-type neurons as ST35 acupoint sensitizing
To investigate whether the I h current is involved in acupoint sensitization, the neuronal specificity changes in the I h current in DRG neurons were identified with the help of retrograde labeling. The sag ratio is an indicator of HCN channels activation (Fig. 3A) , and we first noticed that the sag ratio of bilateral C-but not A δ -type DRG neurons increased significantly in the later phase of KOA group by injecting DiI at ST35 to identify the DRG neurons innervating ST35 acupoint ( Fig. 5D and 5E). By injecting FG to identify DRG neurons innervating the GB37 acupoint, we found that there was no significant change in the I h density in C-or A δ -type neurons (P>0.05, repeated ANOVA, data not shown).
Upregulation of HCN2 in bilateral C-type neurons as ST35 acupoint sensitization
The I h density reflected the level of functional protein expression of HCN channels (Cordeiro Matos et al., 2015) . Using Western blotting, increased HCN2 protein expression was found in bilateral L5 DRG in the later phase of KOA rats (P<0.05, one-way ANOVA, Fig. 6 ). Furthermore,
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by immunofluorescent staining, we found that this upregulation of HCN2 came mainly from bilateral C-but not A δ -type neurons (ipsilateral C-type neurons, P<0.05, one-way ANOVA, Fig. 7A and 7B; contralateral C-type neurons, P<0.01, one-way ANOVA, Fig. 8A and 8B; ipsilateral A δ -type neurons, P>0.05, one-way ANOVA, Fig. 7C and 7D ; contralateral A δ -type neurons, P>0.05, one-way ANOVA, Fig. 8C and 8D ). Meanwhile, ZD7288 had limited effects on the mechanical threshold of GB37 acupoints and nonacupoints (GB37 acupoint: P>0.05, one-way ANOVA, Fig. 9C ; nonacupoint: P<0.05, one-way ANOVA, Fig. 9E and 9F ), but the PWTs of contralateral GB37 acupoint were enhanced significantly by ZD7288 (GB37: P<0.05, one-way ANOVA, Fig. 9D ). The same volume of saline was injected as a control, which had no significant effect on the mechanical pain thresholds of any of these acupoints (P>0.05, one-way ANOVA, data not shown).
Alleviation of ST35 acupoint sensitization after inhibition of I
Discussion
In the present study, bilateral ST35 acupoints but not GB37 acupoints were sensitized in the later phase of KOA rats. The excitability of C-type DRG neurons innervating ST35 acupoint increased significantly. In addition, the increased I h density results from the elevated expression of HCN2 channel in bilateral L5 C-but not A δ -type neurons. ZD7288, an HCN channel blocker, obviously inhibited bilateral ST35 acupoints sensitization. These results indicate that I h density upregulation of L5 DRG C-type neurons plays a key role in acupoint sensitization.
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In our study, acupoint sensitization appeared in bilateral ST35 acupoints but not in GB37 acupoints in the later phase of KOA rats. This finding is similar to the phenomenon of acupoint sensitization occurred in Pishu acupoint, Shenshu acupoint and nearby acupoints in inflammatory rats (Cheng et al., 2010) . Interestingly, ST35 acupoint sensitization appeared on both sides. It is easy to understand that ST35 is sensitized at ipsilateral sites because of the increased cytokines and chemokines including tumor necrosis factor α, which produces a rapid increase in the firing rate of both A-and C-fibers detected in ipsilateral DRG neurons of KOA models (Miller et al., 2014) . Why contralateral ST35 acupoint sensitization appears at the same time is unclear.
Inflammatory factors diffusion may explain this phenomenon. Cheng et al found that contralateral tumor necrosis factor α in DRG was profoundly upregulated within 6 h in spinal nerve ligation model (Cheng et al., 2014) . In addition, central sensitization may be another reason (Chen et al., 2018) . Evidences have shown that upregulated microglial cell activity in the bilateral thalamus, hippocampus and prefrontal cortex was accompanied by the enhancement of inflammatory factors , 1997) . Thus, I h plays an important role in neural excitability regulation. An interesting finding in the present study is that the I h density was significantly increased in bilateral L5 C-but not A δ -type neurons as ST35 acupoint sensitization. This discovery agrees with the previous reports showing that the I h density increased in C-but not A δ -type neurons after complete Freund's adjuvant (Djouhri et al., 2015; Weng et al., 2012) . ZD7288, an HCN current (I h ) blocker, was reported to inhibit the spontaneous APs of C-type neurons in vitro and vivo (Jiang et al., 2008; Wang et al., 2016) . Mechanical and thermal
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13 hyperalgesia was also inhibited by ZD7288 (Jiang et al., 2008) . Our results showed that ZD7288 obviously inhibited bilateral ST35 acupoint sensitization, and this is consistent with previous reporting that ZD7288 eliminated peripheral sensitization (Wang et al., 2016; Zhang et al., 2015) .
However, ZD7288 has no effect on the ipsilateral paw withdrawal thresholds of nonacupoints. It seems that ZD7288 functions under pathological states. In fact, HCN channel functions were affected under pathological states, such as nerve injury or inflammation (Acosta et al., 2012; Papp et al., 2010; Schnorr et al., 2014; Weng et al., 2012) , suggesting that dysfunction of HCN channels under pathological states contributes to acupoint sensitization.
HCN2 distributes widely in the small neurons and were traditionally considered as the nociceptor (Schnorr et al., 2014). We found that the level of HCN2 protein in C-type neurons was upregulated after ST35 acupoint sensitization. The increased HCN2 expression was also found in chronic inflammation state (Schnorr et al., 2014; Weng et al., 2012) . Meanwhile, the hyperexcitability of C-type neurons was also justified by the increase of sag ratio due to Na + inflow through HCN channels (Resta et al., 2016) . Dini et al reported that amplitude of sag ratio in DRG neurons was reduced significantly by MEL55A, the selective inhibitor of HCN1/HCN2 channels (Dini et al., 2018) , indicating HCN1 might contribute to the acupoint sensitization. This deduction needs to be further investigated.
In summary, we demonstrated for the first time that increased I h density in C-type neurons of L5 DRG mediates ST35 acupoint sensitization in the later phase of KOA rats. Our findings provide a new insight for the future studies associated with the mechanisms underlying the acupoint sensitization.
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Highlights
. Bilateral ST35 acupoints but not GB37 acupoints are sensitized in KOA rats.
. Upregulation of I h and excitability in C-type neurons contribute to ST35 acupoint sensitization.
. Increased expression of HCN2 resulting in the enhancement of I h density.
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